Cutaneous squamous cell carcinoma (cSCC) is the second common malignant cancer around the worldwide and is etiologically linked to ultraviolet radiation. miRNAs play an important role in the initiation and progression of cancers. However, the functions of miRNAs in cSCC remain to be elucidated. Here, we screened and identified miR-27a as a consistently downregulated miRNA after UVB irradiation in HaCaT cells. It was found that miR-27a expression was significantly decreased in cSCC cells and tissues. in vitro and in vivo experiments showed that miR-27a inhibited cell proliferation and invasion of cSCC cells. Mechanistically, EGFR was identified to be directly targeted by miR-27a and miR-27a suppressed the phosphorylation of EGFR and its downstream NF-κB signaling pathway. Overall, these findings suggest that downregulation of miR-27a promotes tumor growth and metastasis via targeting EGFR and its downstream NF-κB signaling pathway, reminding that miR-27a plays a vital role in the progression of cSCC and could be a new therapeutic target.
INTRODUCTION
cSCC is the second most common malignant cancer after basal cell carcinoma worldwide (1) . The estimated total number of cSCC for 2012 has been increased by 100% as compared with 1992 (2), due to the increase exposure of ultraviolet from solar radiation and artificial sources. Although basal cell carcinoma and cSCC are both derived from epidermis, cSCC is highly invasive and can metastasize to distant organs (3) . As the mechanism of cSCC tumorigenesis is very complex and poorly understood, local therapy, including targeting therapy is still deficient. In the majority of cSCC patients, tumors are excised by surgery conduction, which will result in the functional impairments and physical abnormities for skin tissues. Therefore, the mechanism of cSCC tumorigenesis is urgently further exploration and new strategies needed to be developed to reduce relapse and minimize facial defects.
MicroRNAs (miRNA) are a large family of small endogenous non-coding RNAs comprising 18-22 nucleotides, which directly bind to the 3 ′ UTR region of its target genes through complete or incomplete complementary pairing (4) . miRNAs participate in many biological processes, which include cell differentiation, cell survival, apoptosis. Extensive studies have demonstrated that miRNAs play an important role in tumor initiation, progression, and metastasis of various cancers (5, 6) and have emerged as promising therapeutic targets or tools for cancer treatment (7) . Recent studies have shown that differential expressed miRNAs in cSCC compared with normal epidermis are associated with tumor initiation and progression (8) (9) (10) . miR-27a is located on chromosome 19 and aberrant expressed in several types of cancers, including breast cancer (11) , osteosarcoma (12) , renal cell cancer (13) . However, the role of miR-27a in the progression of cSCC has not been elucidated. Here, as ultraviolet radiation is the major risk for cSCC and cumulative sun exposure has a strong dose-response association with cSCC, we selected miR-27a, which is consistently downregulated in response to UVB radiation and aimed to investigate its function in the progression of cSCC, which would be a promising therapeutic target for cSCC treatment.
MATERIALS AND METHODS

Cell Lines and Tissue Samples
cSCC lines HSC-1 and HSC-5 (HonSun Biological Co. Ltd., Shanghai, China) and immortalized human keratinocyte cell line HaCaT (CellCook Biotech Co. Ltd., Guangzhou, China) were cultured in Dulbecco's modified eagle medium (DMEM, Life Technologies) containing 10% fetal bovine serum (Invitrogen) and 100 µg/ml streptomycin and 100 units/ml penicillin in 37 • C incubator with 5% CO 2 and a mild atmosphere. CSCC samples were collected from patients who have been diagnosed by expert pathologists from January 2014 to August 2016 in the departments of dermatology, pathology, and oncology at Nanfang Hospital, affiliated to Southern Medical University. This study was approved by the Institutional Review Board of Nanfang Hospital affiliated to Southern Medical University and written informed consent provided from all patients for the use of surgical samples.
UVB Irradiation
UVB exposure to HaCaT cells was performed as described previously (14) . In brief, culture medium was removed and PBS was used to wash cells twice. PBS was replaced in a minimal volume and HaCaT cells were exposed to 30 mJ/cm 2 of UVB. After irradiation, PBS was removed and the conditioned cultured medium was added back. HaCaT cells were incubated at 37 • C and harvested at different time points. BALB/c mice (female, 4-6 weeks old, n = 6 per group) were shaved 24 h before UVB radiation. All animals received UVB exposure every other day at 300 mJ/cm 2 (1/2 MED, minimum erythema dose) and mice skins were collected for further analysis after 4 weeks.
Reverse Transcription and qPCR
Total RNA isolation was performed by using TRIzol (Life technologies) according to the manufacturer's instructions. Reverse transcription was performed by Mir-X miRNA FirstStrand Synthesis Kit (Takara) and the expression of miRNA was measured using Taqman Mixture (CWBio, Shanghai, China). The data were normalized to U6 snRNA. PrimeScript RT Reagent Kit (Takara) was used to generate cDNAs and mRNA analysis were performed by UltraSYBR Mixture (CWBio, Beijing, China). GADPH was used as normalization. All qPCR reactions were performed on a LightCycler 96 Detection System (Roche). The primers are listed in Supplementary Material.
Western Blot
The total protein of cells was extracted on ice by cell lysis buffer (Beyotime, Shanghai, China) mixed with protease inhibitor cocktail. BCA quantification kit (Beyotime, Shanghai, China) was used to determine protein concentration. Lysates were separated by SDS polyacrylamide gel electrophoresis. Proteins were blotted onto PVDF membranes (Millipore). These membranes were incubated with primer antibodies overnight at 4 • C and then secondary HRP-conjugated antibodies at room temperature for 2 h. The following antibodies were used: EGFR (Santa Cruz Biotechnology), β-actin (Santa Cruz Biotechnology), pp65(Servicebio, Wuhan, China), p-IκB (Servicebio, Wuhan, China), IKK (Servicebio, Wuhan, China), and secondary antibodies anti-mouse IgG-HRP (Millipore), anti-rabbit IgG-HRP (Millipore). Luminata Forte Western HRP substrate (Millipore) was used to visualize the bound antibodies.
Cell Viability cSCC cells HSC-1 and HSC-5 (4,000 per well) were seeded into 96-well plate and transfected with NC mimic or miR-27a mimic. CCK-8 (Yeasen, Shanghai, China) was added as described in the manual and OD values at 450 nm were detected after 2 h incubation.
Cell Invasion Assay
Matrigel coated chambers (Corning) were used to assess the invasion ability of transfected cells. cSCC cells HSC-1 and HSC-5 (2.0 × 10 5 ) transfected with NC mimic or miR-27a mimic were seeded into 8 µm chamber of 24-well plates in serum-free DMEM and the lower chambers were added with culture medium containing 10% FBS. After 16 h cultured at 37 • C, the upper chambers were washed and fixed with fresh 3.7% formaldehyde. One hundred percent methanol were used to permeabilize cells, which were stained with 0.1% crystal violet and cell number analyzed by microphotograph.
Luciferase Reporter Assay
The oligos containing the native or mutant binding site were cloned into pMIR-reporter vector (Promega). HEK293T cells were seeded into 12 well plates and co-transfected with pMIRreporter constructs, renilla luciferase reporter vector, miR-27a mimic or NC mimic. Luciferase activities were measured at 48 h after transfection. The firely luciferase activity was normalized to renilla luciferase activity. The sequences of those oligos are listed in Supplementary Material.
Subcutaneous Xenograft Model
BALB/c-nu/nu (male, 4-6 week old) were adopted from Guangdong Medical Laboratory Animal Center. The animal experiments were performed as described previously (15) . HSC-5 or HSC-1 cells were transfected with NC mimic or miR-27a mimic. Cells (1.0 × 10 7 ) were subcutaneously injected into the two flanks of nude mice. After 9 days of implantation, NC mimic or miR-27a mimic were injected into the respective tumors and repeated every 2 days. The tumor diameters were measured and recorded every day to generate a growth curve. The tumors were removed and feezed immediately for experiments followed. All procedures involving the mice were approved by the Southern Medical University Animal Care and Use Committee and in accordance with institutional guidelines.
Statistical Analysis
The experimental results were represented with mean ± S.D. and Student's test or one-way ANOVA was used to analyze statistical difference. It was considered statistically significant when P < 0.05.
RESULTS miR-27a Is Sensitive to UVB Radiation in Epidermis
UVB is the major pathogenic factor for cSCC. To discover miRNAs in response to UVB radiation and explore their functions in the progression of cSCC, we conducted miRNA sequencing to reveal those differentially expressed miRNAs in HaCaT cells at different time points (3, 6, 12, 18 , and 24 h) after UVB radiation. Relative expression of miRNAs which were altered at least two-folds change at any time points compared with that in HaCaT cells without UVB radiation were selected and clustered using the hierarchical clustering algorithm ( Figure 1A) . miR-27a was differentially expressed in common at 6, 12, 18, and 24 h time points. The expression of miR-27a in HaCaT cells was significantly downregulated after UVB radiation verified by real-time PCR, which is coincident with RNA-seq ( Figure 1B) . In UVB-irradiated mice skin, miR-27a expression was significantly decreased compared with mice skins without UVB radiation ( Figure 1C) . Those results reminded us that miR27a may play a vital role in the progression of cSCC.
miR-27a Is Low Expressed in cSCC Cells and Tissues
To explore the function of miR-27a in cSCC progression, we examined miR-27a expression in cSCC cell lines and tissues by qPCR. In contrast with HaCaT cells, miR-27a was dramatically low expressed in cSCC cells, HSC-5 and HSC-1 (Figure 2A) . In the meantime, miR-27a expression was analyzed in cSCC patient tissues. Compared with normal human epidermal keratinocytes (NHEKs, n = 4), miR-27a was significantly reduced in cSCC tissues (n = 12) ( Figure 2B ). These results indicate that miR-27a is low expressed in cSCC.
Loss of miR-27a Promotes Proliferation and Invasion of cSCC Cells
To identify the effect of miR-27a in the development of cSCC, we regulated miR-27a expression in HSC-5 or HSC-1 cells by transfected miR-27a mimic or inhibitor. QPCR were performed to determined miR-27a expression. Result showed that miR-27 expression was significantly increased or downregulated in both HSC-5 or HSC-1 cells compared with negative control group (Figures 3A,B) . Cell proliferation was determined by CCK-8 assays and the data showed proliferation inhibition by exogenous miR-27a (Figures 3C,D) . Transwell assays were performed to detect the invasion of HSC-5 or HSC-1 cells with miR-27a mimic treatment. The results showed that the invasive ability of cSCC cells were suppressed after miR-27a mimic transfection ( Figure 3E) . Inversely, miR-27a inhibition in HSC-5 or HSC-1 cells were found to promote the invasive ability compared with cells transfected with negative control (Figure 3F ). The data above demonstrated that miR-27a represses cell proliferation and invasiveness of cSCC cells in vitro.
EGFR Is a Direct Target of miR-27a
To explore the downstream of miR-27a, a bioinformatics screen was carried out by using miRTarBase (16) . Consideration of the overactivation and crucial role of EGFR in most cancers, it was selected as the underlying downstream genes of miR27a in cSCC cells. There was a binding site predicted for miR27a in the 3'UTR region of EGFR mRNA ( Figure 4A) . Wild type or mutant binding site of EGFR were cloned and inserted into luciferase reporter vector. The luciferase reporter assays showed that miR-27a overexpression suppressed the luciferase activity of the wild type vector, while no significant change of the mutant vector ( Figure 4A ). In our previous study, EGFR was identified to be overexpressed in cSCC (14) and upregulated in mice skins receiving UVB radiation (Figure 4B) , which was opposite to the expression of miR-27a. In HSC-5 or HSC-1 cells which were transfected with miR-27a mimic, EGFR were downregulated in both mRNA and protein level ( Figure 4C) ; conversely, upregulated in miR-27a inhibitor treated HSC-5 or HSC-1 cells (Figure 4D) . These results demonstrated that EGFR is a direct target of miR-27a in cSCC cells and miR-27a knockdown increases the expression of EGFR.
miR-27a Modulates NF-κB Signaling Pathway via Inactivation of EGFR
To investigate the downstream mechanism of miR-27a targeting EGFR in cSCC cells, we detected the changes in the downstream signaling pathway after transfection of cSCC cells with miR-27a mimc or miR-27a inhibitor. Upregulation of miR-27a suppressed the activation of EGFR ( Figure 4E ) and the inhibition of miR-27a expression increased the phosphorylation of EGFR (Figure 4F) . Therefore, we further investigated whether the downstream pathways of EGFR were modulated by miR-27a. Results showed that miR-27a inhibited the phosphorylation of p65, IKK, and IκB while downregulation of miR-27a increased the phosphorylation of p65, IKK, and IκB, which indicates miR-27a suppresses the activation of NF-κB pathway (Figures 4E,F) . These results suggested that miR-27a inhibits cSCC development by targeting EGFR and its downstream NF-κB signaling pathway.
miR-27a Inhibits the Growth of cSCC in vivo
To evaluate the antitumor function of miR-27a in vivo, we established a subcutaneous model. miR-27a mimic or NC mimic was delivered into HSC-5 or HSC-1 cells. The tumor volume was significantly decreased in the group treated with miR-27a mimic compared with that in the negative control group (Figures 5A,B) . The tumors were removed after implantation for 21 days and miR-27a expression in the xenografts were determined by qPCR. miR-27a was upregulated in the xenografts treated with miR-27a mimic compared the negative control group (Figures 5C,D) . Furthermore, miR-27a led to the significant downregulation of EGFR and its downstream NF-κB signaling pathway (Figures 5E,F) , which is consistent with that in vitro. 
DISCUSSION
UV is a major environmental carcinogenesis for the initiation and promotion of cSCC. It has been estimated that about 93% of skin cancers could been due to UV exposure. Accumulating data show that miRNAs play a vital role in modulating cell proliferation and invasion by regulating their target genes. In previous studies, we screened and verified miRNAs that are upregulated by UVB radiation in HaCaT cells play an onco-miR role in cSCC (8, 10) . However, the role of miR-27a in cSCC remains to be elucidated. It is the first time uncovering the function of UVB-sensitive miR-27a in the development of cSCC. In this study, we revealed that miR-27a inhibits cell proliferation and invasion of cSCC, and suppresses the activation of NF-κB pathway through directly targeting EGFR, indicating that miR-27a plays a tumor suppressive role in cSCC.
miR-27a abnormal expression and mutation has been identified in various malignant tumors, such as breast, renal and colorectal cancer (13, 17, 18) . miR-27a decreased the risk of breast cancer in Caucasians (17) and population with the genetic variant of pre-miR-27a had a lower risk of renal cell carcinoma (RCC) (13) . Further, low expressed miR-27a was related to high grade in colorectal cancer (18) . miR-27a inhibited A549 cell proliferation via MET signaling (19) and in esophageal squamous cell carcinoma functioned as a tumor suppressor through binding to oncogene KRAS (20) . Consistent with these studies, we found declined levels of miR-27a in cSCC and exogenous miR-27a suppresses cell proliferation and leads to the metastasis inhibition of cSCC significantly in vivo and in vitro.
EGFR is considered playing a crucial role in regulating cellular processes, including cell proliferation, differentiation and migration during development and homoeostasis (21) . In most cancers, especially in most epithelial tumors, EGFR is commonly upregulated and closely associated with poor differentiation or unfavorable prognosis (22) (23) (24) . Previous studies show that overexpression or constitutive activation of EGFR contributes to cell survival, proliferation, and invasiveness in cSCC (14, 22) .
In this study, we identified EGFR as a direct target gene of miR-27a by luciferase reporter assay. Exogenous transfected miR27a led to a decreased level of EGFR and inhibition of miR27a led to EGFR increased in cSCC cells, indicating that miR27a suppressed the expression of EGFR by binding to 3 ′ UTR region, which is consistent with the tumor suppressive role of miR-27a in cSCC. As it is getting great attention for EGFR targeted therapies, such as EGFR inhibitors, some clinical trials targeting EGFR have been conducted aiming at cSCC therapy (25, 26) . However, it still needs to discover new strategies for cSCC treatment due to the toxicity of EGFR inhibitors and resistance to EGFR (27) . NF-κB is highly conserved transcription factor and NF-κB complexes are localized in the cytoplasm in inactivated state (28) . In the canonical pathway, IKK is activated and phosphorylates IκB. IκB is subsequently ubiquitinated to release p65, which lead to its nuclear translocation (29) . EGFR signals triggers NF-κB activation through IKK complex and the phosphorylation of IκB (30) which is abnormally constitutively activated in cancer cells and driving tumorigenesis by promoting cell proliferation and metastasis (31, 32) . In addition, NF-κB activation also promotes the resistance to EGFR inhibitors, which leads to a reduced therapeutic effectiveness of EGFR inhibitors (33) . Consistent with these studies, our data showed that miR-27a downregulates EGFR expression by directly binding to the 3 ′ UTR region. Further, miR-27a inhibits the phosphorylation of EGFR and its downstream NF-κB pathway, which repress the phosphorylation of IKK and IκB to inhibit the function of IKK complex and inactivation of NF-κB activation. Together, our study demonstrated that miR-27a inhibits the progression of cSCC via targeting EGFR and its downstream NF-κB pathway. miR-27a was selected as a sensitivity miRNA in response to UVB radiation and downregulated in cSCC. miR-27a inhibited the proliferation and metastasis of cSCC cells. Furthermore, EGFR was identified to be directly targeted by miR-27a, which restrained the activation of NF-κB via directly targeting EGFR, which indicates that miR-27a may act as a tumor suppressor through NF-κB pathway (Figure 6) . Our findings reveal a regulatory axis of miR-27a-EGFR-NF-κB that may be a novel putative therapeutic target for cSCC.
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